Methods that quantify multiple-site resemblance are basic toolkits of ecology for studying 19 community variation in space and time. Although both pairwise and multiple-site 20 coefficients have received increasing attention in the past decade, the high variety of 21 methodologies combined with the absence of a systematic review prevents full 22 understanding and comprehension. To illuminate the situation, we compare and classify 23 methods that use incidence data and propose a unified terminology. The methods can be 24 grouped according to families, approaches and forms. The examination of algebraic 25 expressions and analyses of artificial and actual data sets suggest that inference drawn 26 about communities strongly depends on the methodology applied. We found that the 27 impact of mimicking the original pairwise indices (i.e. the impact of families) was stronger 28 than the impact of components used in formulating the coefficients (i.e. the impact of 29 approach). Our findings suggest that the measures examined quantify drastically different 30 facets of multiple-site resemblance and therefore they have to be selected with care in 31 community studies. 32 33
Introduction
Understanding spatial variation in species composition is one of the most fundamental 41 challenges of community ecology. This is promoted by testing hypotheses about the 42 processes that generate and maintain biodiversity in ecosystems (Legendre & De Cáceres, 43 2013). Invasion ecologists, for instance, examine the impact of alien species on native 44 communities, while conservation biologists rely on the measurement of compositional 45 variation in prioritizing areas. The spatial variation of communities can be viewed as either 46 compositional differentiation or similarity (Jost et al., 2011) . Beta diversity (Whittaker, 1960, 47 1972), for instance, expresses compositional differentiation, while community overlap (Arita, 48 2017, Schmera, 2017) relates to compositional similarity -which are two sides of the same 49 coin. 50 51 Community variation has been traditionally studied by examining several pairs of sites from 52 the same locality (but see Legendre & De Cáceres, 2013 , for alternative solutions) and 53 quantified by the average value of pairwise resemblance (i.e., similarity or dissimilarity) 54 coefficients (Koleff et al., 2003) . Such averages may be used to express both compositional 55 similarity and differentiation. Recently, however, it has been suggested that inference drawn 56 from mean values may be misleading, because pairwise resemblance coefficients cannot 57 account properly for co-occurrence patterns of species in many sites and therefore special 58 indices are required (Diserud & Ødegaard, 2007; Baselga, 2013) . 59 Although multiple-site resemblance coefficients have received increasing attention in 61 contemporary ecology, our knowledge on their relative merits and potential disadvantages is 62 still limited. A recent review on beta diversity deliberately omitted their discussion (Legendre 63 & De Cáceres, 2013) while an even more recent study deepened our understanding of 64 multiple-site overlap measures by providing novel measures and a unified terminology 65 (Arita, 2017) . Unfortunately, however, the increasing number of methods, the application of 66 different and often overcomplicated mathematical equations, the ambiguous terminology, 67 as well as the parallel development of similarity and dissimilarity forms impede proper 68 measurement of multiple-site resemblance. Therefore, for the benefit of practicing 69 ecologists, we review the methods quantifying multiple-site resemblance that are based on 70 incidence (presence-absence) data. First, we discuss some basic terms, then we overview 71 pairwise and multiple-site resemblance coefficients. Specifically, we identify and match 72 similarity and dissimilarity forms and simplify some equations. Finally, by using artificial and 73 actual data sets we compare the performance of multiple-site resemblance measures. Originally, pairwise and multiple-site resemblance coefficients have been suggested to 79 measure the (dis)similarity of two or multiple sites based on the presence-absence of 80 species. Consequently, sites are the objects of such studies and species are the descriptors 81 which characterize the objects. Observed data are commonly arranged in matrix X ≡ {x ij }, in 82 which rows represent sites while columns correspond to species (e.g. Legendre & DeCáceres, 83 2013), a convention followed here as well. Occurrence (of species j in site i) means that 84 species j is present in site i, coded as x ij = 1. In case of species absence, x ij = 0. The species 85 richness of site i (t i ) is the number of occurrences in the given row (row total,
where T is the number of species Multiple-site coefficients express resemblance of more than two sites simultaneously (Table   169 2). Although the first multiple-site index dates back to the 1950's (Koch 1957, see also Eq. 170 indices follow the logic of pairwise indices and therefore we categorize them into the 172 Jaccard, Simpson and Sørensen families (Table 2) . However, the coefficients in either family 173 use different components in quantifying similarity or dissimilarity. In studying the overlap of 174 multiple sites, for instance, Arita (2017) (Table 1) , general, co-diversity and mixed components approaches ( Here we compare methods that allow quantification multiple-site resemblance. Although we 231 use similarity forms, our conclusions are not restricted to similarity because it is 232 complementary to dissimilarity. Although pairwise coefficients are designed for examining 233 pairs of sites, the mean values of these coefficients are frequently used for assessing 234 multiple site similarity. We will refer to this as mean pairwise approach. We examined also 235 general, mixed components and co-diversity approaches, as well as the Jaccard, Simpson and 236 Sørensen families. In sum, we define any particular method as the combination of an 237 approach and a family, and thus compared 12 methods. To compare the performance of methods, we examined all possible communities that can be 241 produced by the co-occurrence of 4 species in 4 sites. In order to calculate the number of 242 possibilities, we have to first determine how many ways a single species can be distributed in 243 N sites. Since there are two outcomes for each site (the species is present or absent), the 244 possible number of occurrence patterns equals 2 N . However, this includes the situation 245 when the species is absent from all sites. Therefore, the number of occurrence patterns 246 reduces to 2 N -1 (for N = 4 we have 15 different patterns). When we have T species, then the 247 possible number of co-occurrence patterns increases dramatically (2 N -1) T (for N = T = 4 we 248 get 50,625). However, these co-occurrence patterns include empty sites (those without 249 species) as well. After removing degenerate matrices, the number of meaningful co-250 occurrence patterns reduces to 41,503 in the example.
We calculated multiple-site similarities by the different methods (i.e. the combinations of 253 families and approaches) for each of the 41,503 occurrence patterns. When no similarity 254 form was given (the Jaccard and Sørensen families of mixed components), we used the 255 complement of dissimilarity. The resulting scores served as a data set to calculate the 256 Pearson correlation between different methods, in order to express agreement in trends 257 among the measures. We transformed the correlations to distances (distance = 1 -258 correlation) and analyzed the distance matrix by UPGMA clustering to obtain a dendrogram. 259 The same distance matrix was analyzed by principal coordinates analysis (PCoA). Thus, in 260 these multivariate studies, each object represents a given measure. We used the gtools The dendrogram (Fig. 1) shows that methods belonging to the Simpson family constitute one 265 group, separated from the methods of the Jaccard and Sørensen families grouped in the 266 other. Within the latter, general coefficients are well-separated and grouping is more 267 strongly influenced by the choice of approach than by the family (Fig. 1) . The PCoA 268 ordination of the methodologies (Fig. 2) supports these conclusions. The first axis separates 269 the Simpson family from the Jaccard and Sørensen families, while the second separates the 270 general approach from the others. Since these axes account for 44% and 29% of the total 271 variance, respectively, we can conclude that choice between families had stronger impact on 272 the results than another decision between the general overlap approach and the others. Artificial data set 1 allowed examining all theoretical possibilities in a matrix with very few 277 sites and species. To obtain a more realistic picture on the relationships among measures, 278 we generated a second artificial data set that is closer to actual community data. We 279 produced 150 sets of 10 sites by 10 species incidence matrices, in which the probability of 280 the occurrence of a species in a particular site was 0.5. We removed degenerate matrices 281 (i.e. those with zero row or column totals) and used the first 100 matrices. We followed the 282 multivariate exploration procedure applied to artificial data set 1. The dendrogram (Fig. 3 ) 283 shows that methods belonging to the Simpson family form one group, and methods 284 belonging to the Jaccard and Sørensen families appear in another. Within the second group, 285 general coefficients are well-separated. The difference between Figs. 1 and 3 are that Fig. 3   286 shows larger distances among some groups of methods (the maximum distance is larger 287 than 0.5) and at the same time smaller distances among similar methods (the behavior of 288 MC.JAC and MCSOR is similar). The PCoA ordination of the measures (Fig. 4) resulted in 289 much the same conclusions. The separation of the G.SIM from the other methods is clear. 290 On the first axis the Simpson family is distinguished from the Jaccard and Sørensen families, 291 while the second axis separates the general approach from the others. Since these axes 292 account for 68% and 16% of the total variance, respectively, we can conclude that choice 293 between families had stronger impact on the results than the decision between the general 294 overlap approach and the others. We may thus derive the final conclusion from clustering 295 and ordination that the general indices, especially those belonging to the Simpson family, 296 present a rather unique way of calculating multiple-site similarities. respectively. An analysis equivalent to the mean pairwise Jaccard method indicated a 305 monotonic increase of similarity over the study period (Podani & Schmera 2011) . 306 307 We found that all methods compared here indicate a monotonically increasing similarity 308 over time (Fig. 5) . Nonetheless, the methods show considerable differences regarding the 309 multiple site similarity in the four assemblages. For instance, in week 53, the Jaccard family co-diversity index (CD.JAC) yields a similarity value of 0.131, while the Simpson family 311 general index (G.SIM) produces 0.698. This suggests that selection of the methodology (i.e. 312 the choice of the family together with the approach) has significant impact on our inference 313 about community pattern (here similarity). It is important to note that the traditionally used 314 mean of pairwise indices (here abbreviated as mean pairwise method) and the other "true" We emphasized that understanding and interpreting the multiple-site community patterns 322 pose relevant methodological issues of contemporary ecology and biogeography. Our review 323 demonstrated that a wide variety of methods have been available for quantifying multiple-324 site resemblance patterns. To help the ecologist navigating among them, we suggested a 325 classification of methodology. Accordingly, a method is a combination of an index family and 326 an approach. Analyses of simulated and actual data sets revealed that inference drawn on 327 community pattern strongly depends on the applied method: multiple-site incidence 328 coefficients quantify different facets of multiple-site community patterns. In particular, we 329 found that the impact of choosing from original pairwise index families was stronger on 330 quantifying multiple-site resemblance patterns than the impact of selecting different 331 approaches. Thus, any methodology used for studying multiple-site community patterns 332 should be carefully evaluated before use. 
the ratio of the mean unique species to the mean number of species in a single site 
